The porcine gut microbiome is a novel genomic resource for screening cellulose-degrading enzymes. A plasmid metagenomic expression library was constructed from the hindgut microbiota of 6 Yorkshire growing pigs (25 to 40 kg) fed a high-fat basal diet supplemented with 10% Solka-Floc for 28 d. Fresh cecal and colonic digesta samples were collected, fl ash-frozen in liquid N, and stored under -80°C. Metagenomic DNA was extracted, mechanically sheared, and cleaned to remove small DNA fragments (<1.0 kb). The resulting DNA fragments were subjected to blunt-end polishing, fractionation, and purifi cation by using commercial kits. The end-modifi ed DNA fragments were ligated to pCR4Blunt-TOPO vector and transformed into competent Escherichia coli TOPO10 cells. Metagenomic plasmid libraries were screened for carboxymethyl cellulolytic activities by using lysogeny broth agar plates. The average insert size of the resulting library was approximately 4.2 kb. Screening for the ability to hydrolyze carboxymethyl cellulose yielded 14 positive colonies, giving an estimated 430 Mb of metagenomic DNA in the approximately 102,000 E. coli clones with an overall hit rate of 0.14%. The 11 assembled insert sequences included 4 function-related gene clusters, and a total of 18 putative carbohydrate active enzyme genes were identifi ed. This included genes encoding 11 cellulases, 4 hemicellulases, 1 polygalacturonas, 1 glycoside hydrolase family 26 mannanase-family 5 cellulase chimeric enzyme gene, and 1 cellobiose phosphorylase. In conclusion, the coupling of functional metagenomic mining with biochemical characterization of fi berdegrading enzymes is a powerful strategy for exploring the enzymological underpinnings of the anaerobic fermentation of dietary fi ber in the complex animal gut environment.
ABSTRACT:
The porcine gut microbiome is a novel genomic resource for screening cellulose-degrading enzymes. A plasmid metagenomic expression library was constructed from the hindgut microbiota of 6 Yorkshire growing pigs (25 to 40 kg) fed a high-fat basal diet supplemented with 10% Solka-Floc for 28 d. Fresh cecal and colonic digesta samples were collected, fl ash-frozen in liquid N, and stored under -80°C. Metagenomic DNA was extracted, mechanically sheared, and cleaned to remove small DNA fragments (<1.0 kb). The resulting DNA fragments were subjected to blunt-end polishing, fractionation, and purifi cation by using commercial kits. The end-modifi ed DNA fragments were ligated to pCR4Blunt-TOPO vector and transformed into competent Escherichia coli TOPO10 cells. Metagenomic plasmid libraries were screened for carboxymethyl cellulolytic activities by using lysogeny broth agar plates. The average insert size of the resulting library was approximately 4.2 kb. Screening for the ability to hydrolyze carboxymethyl cellulose yielded 14 positive colonies, giving an estimated 430 Mb of metagenomic DNA in the approximately 102,000 E. coli clones with an overall hit rate of 0.14%. The 11 assembled insert sequences included 4 function-related gene clusters, and a total of 18 putative carbohydrate active enzyme genes were identifi ed. This included genes encoding 11 cellulases, 4 hemicellulases, 1 polygalacturonas, 1 glycoside hydrolase family 26 mannanase-family 5 cellulase chimeric enzyme gene, and 1 cellobiose phosphorylase. In conclusion, the coupling of functional metagenomic mining with biochemical characterization of fi berdegrading enzymes is a powerful strategy for exploring the enzymological underpinnings of the anaerobic fermentation of dietary fi ber in the complex animal gut environment.
INTRODUCTION
Cellulose is the largest polymer component of the plant cell wall-lignocellulose complex. Discovery of novel and potent cellulases as effective industrial enzymes could contribute to the commercial production of the cellulosic ethanol and improvement in the effi ciency of C use in animal production (Flint et al, 2008; Hess et al., 2011) . Anaerobic fermentation of cell wall components (i.e., dietary fi ber) has been well documented in the mammalian hindgut, particularly in pigs and humans and in the rumen of ruminants (Varel and Yen, 1997; Flint et al., 2008; Hess et al., 2011) . Metagenomic analysis showed that porcine hindgut microbiome is a novel genomic resource for screening lignocellulose-degrading enzymes (Lamendella et al., 2011) . The metagenomic approach, including metagenomic sequencing and the construction of metagenomic expression libraries, are emerging powerful molecular tools for the discovery of novel cellulases (e.g., Hess et al., 2011) . In this study, we present an effort to construct a metagenomic expression library from the hindgut microbiota of growing pigs fed a high-fat basal diet supplemented with 10% pure commercial cellulose to enrich cellulose-degradation bacterial population for discovering novel bacterial cellulase genes.
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MATERIALS AND METHODS
The Animal Care Committee at the University of Guelph has approved all of the animal handling, management, and caring procedures as described previously (Rideout et al., 2008) . A plasmid metagenomic expression library was constructed from the hindgut microbiota of 6 growing Yorkshire pigs (initial BW of 25 ± 2.8 kg) fed a high-fat basal diet supplemented with 10% Solka-Floc cellulose (International Fiber Corporation, North Tonawanda, NY) as the sole source of fi ber for 28 d to enrich cellulose-degradation bacterial population (Rideout et al., 2008) . Fresh cecal and colonic digesta samples were collected, pooled among pigs to be representative, fl ash-frozen in liquid N, and stored under -80°C. The gut symbiotic bacterial metagenomic DNA was extracted from 5.0 g of the pulverized and frozen digesta samples by using a QIAGEN stool kit (Qiagen, Toronto, ON, Canada). The extracted metagenomic DNA was further mechanically sheared by repeated passaging in a 3-mL syringe with a 50-gauge needle. The resulting DNA fragments were subjected to blunt-end polishing with T4 DNA polymerase. Polished DNA fragments with the size from 3 to 10 kb were further size-fractionated by agarose gel electrophoresis and then recovered by using QIAEX II gel extraction kit (Qiagen). The end-modifi ed DNA fragments were ligated to pCR4Blunt-TOPO vector that has a T7 and lac promotor fl anking the insert at both ends, respectively, and then transformed into the electronically competent Escherichia coli TOP10 cells. The library quality and the average insert size were determined by EcoRI restriction digestion of plasmids prepared from 25 randomly picked positive colonies.
The metagenomic plasmid library was screened for carboxymethyl cellulolytic activities by using lysogeny broth agar plates containing 0.5 mM isopropyl-beta-D-thiogalactoside, 50 μg/mL kanamycin, and 0.2% chromogenic carboxymethyl cellulose as substrate. Positive colonies with a clear halo area were picked and retested on a second substrate plate. The plasmid harbored in positive clones was isolated, and the DNA insert size was determined by EcoRI restriction digestion. The inserts were sequenced by primer walking and were assembled at the Guelph Molecular Supercentre at the University of Guelph.
The putative open reading frames (ORF) in the inserts were identifi ed with the ORF fi nder at National Center for Biotechnology Information (NCBI; Bethesda, MD). Taxonomic affi nities of the metagenomic DNA inserts were predicted on the basis of sequence homology with the protein sequences contained in the nonredundant protein sequence database of the NCBI. The phylogenetic analysis was conducted by using the Geneious program (Biomatters Ltd., Auckland, New Zealand).
RESULTS AND DISCUSSIONS
The average size of insert DNA in the library was approximately 4.2 kb. An estimated 430 Mb of metagenomic DNA in approximately 102,000 E. coli clones were screened from colonies that were capable of hydrolyzing carboxymethyl cellulose. Fourteen positive colonies were isolated and each of these was confi rmed to contain at least 1 putative cellulase gene by sequencing with an overall hit rate of 0.14%. Potentially, a higher overall success rate for fi ber-degrading enzymes could be obtained by further screening with additional hemicellulose substrates such as arabinan, mannan, and xylan. Interestingly, the sequences of 3 inserts were overlapped with 3 other insert sequences. Out of the 6 inserts, 3 insert sequences were then assembled, which are p4802, p48E2, and pCel4803 (Figure 1) , implying the abundance of these DNA fragments in the metagenomic sample. All together, 11 assembled insert sequences were obtained and 10 of them were from nonsequenced bacterial species. Within these inserts, 18 carbohydrate active enzyme genes were identifi ed, including 11 putative cellulase genes, 4 hemicellulase genes, 1 polygalacturonase gene, and 1 cellobiose phosphorylase gene. A glycoside hydrolase (GH) family 26 mannanase-GH5 cellulase chimeric enzyme gene was also identifi ed in pCel4809 (Figure 1) . Notably, 15 out the 18 genes contained a signal peptide sequence, indicating that the encoded enzymes were secreted out of the host bacterial cells to perform dietary fi ber degradation in the pig hindgut. Moreover, functionally related gene clusters were found in inserts of pCel4803, pCel4809, pCel4805-1, and pCel4830-1 (Figure 1 ). At present, we were unable to obtain the entire sequences of these clusters due to their small insert sizes. Results from taxonomic analyses revealed that the screened inserts were mainly from bacterial genus of Prevotella, which was found be dominant in swine fecal microbiome previously (Lamendella et al., 2011) . Cellulase genes with protein sequences below 45% homology to the ones reported in the published databases are regarded as novel genes and are targeted for further protein overexpression and functional characterization. In summary, a metagenomic expression library has been established from the porcine hindgut microbiota as a novel genomic resource for screening novel industrial enzymes effi ciently degrading cellulose.
LITERATURE CITED

